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on Arp2/3
TheArp2/3 complex is a powerful nucleator of actin filamentswhen activated. A
recent study has now revealed that this complex is not only subject to positive
control but that there also exists a brake on its activity. This brake can suppress
both the basal activity of the Arp2/3 complex as well as its activation by
nucleation-promoting factors.
Britta Qualmann*
and Michael M. Kessels
The actin cytoskeleton plays important
roles in a broad collection of cell
biological processes in eukaryotes,
including cytokinesis, cell migration,
vesicle trafficking, Golgi organization
and cellular morphogenesis. The actin
cytoskeleton can provide mechanical
stability and can generate and
transduce forces, yet is dynamic and
subjected to turnover and
reorganization in response to both
external and internal cues. The
dynamic assembly and disassembly
of actin filaments and the organization
of larger filament superstructures are
under the tight control of a plethora
of actin-binding proteins. These
proteins bind directly to filaments or
monomers and control both actin
organization and actin dynamics.
Assembly of actin filaments from
monomeric globular actin (G-actin) is
not an easy task, as spontaneous
assembly is kinetically very
unfavorable due to the instability of
actin dimers. To ensure efficient
filament formation cells therefore use
a (thus far) limited number of nucleating
factors, such as Arp2/3 complex,
formins, Spire proteins and Cobl.
Formins can be found in all
eukaryotes and promote the formation
of unbranched filaments. Biochemical
and structural work indicates that
a donut-shaped formin structure
stabilizes an actin dimer or trimer and
then processively remains associated
with the growing, ‘barbed’ end of
the actin filament [1]. Spire proteins,
which have been found in flies and
vertebrates, also give rise to
unbranched filaments and have been
suggested to promote the formation of
a linear array of four actin molecules
and remain associated with the
‘pointed’ end of the filament [2]. The
most recently discovered nucleator,
Cobl, also gives rise to unbranched
filaments. For nucleation, Cobl uses
three G-actin-binding WH2 domains,
which seem to spatially arrange three
actin monomers so that an actin seed
with a complete barbed end interface
for further spontaneous actin assembly
is generated. Given that Cobl shields
the barbed end from depolymerization,
it was suggested that Cobl follows this
fast-growing end of actin filaments
during filament growth. The nucleator
Cobl is restricted to vertebrates and
plays an important role in neuronal
morphogenesis, a critical step in the
formation of neuronal networks [3].
The founding member of the actin
nucleators is the Arp2/3 complex,
a complex composed of seven
subunits, two of which are the
actin-related proteins Arp2 and Arp3.
The Arp2/3 complex is highly
conserved in all eukaryotes and has
only a very moderate actin nucleation
capability on its own but can be
activated by the VCA domain at the
carboxyl terminus of Wiskott-Aldrich
Syndrome Protein (WASP) family
proteins, which comprises a
G-actin-binding WH2 domain and an
acidic motif that mediates binding to
Arp2/3 complex. VCA association
induces a conformational change of
the complex, bringing Arp2 and Arp3
close to each other and thereby
promoting actin nucleation (for a recent
review, see [4]). Consistent with such
a mechanism, the Arp2/3 complex
remains associated with the pointed
end and lets the barbed end polymerize
freely [5]. Since the Arp2/3 complex
has actin filament side-binding activity,
it is so far the only known nucleator that
gives rise to branched actin filaments,
which are important, for example, for
the formation of lamellipodia in
migrating cells [4,5].
The signaling network regulating
Arp2/3 activity is highly complex and
encompasses several direct activators
that in turn are each controlled by
a multitude of further components [4].
Thus far, however, our knowledge of
this regulatory network has been
restricted to positive regulation. A
recent study from Rocca et al. [6] now
shows that the PICK1 scaffold protein
acts as an inhibitor of the Arp2/3
complex, describing a completely new
type of regulation of actin dynamics.
PICK1 was previously described as
a scaffold protein that binds lipids
through its BAR domain and interacts
via its PDZ domain with a number of
membrane proteins including the
AMPA receptor subunits GluR2/3.
This interaction influences trafficking
of postsynaptic AMPA-type glutamate
receptors in response to Ca2+ influx
Dispatch
R421following NMDA receptor activation
and therefore PICK1 is thought to play
a role in postsynaptic reorganizations
(reviewed in [7]). Regulated insertion
and internalization of AMPA-type
glutamate receptors at synapses
are important molecular mechanisms
of synaptic plasticity [8].
Rocca et al. [6] now show that PICK1
additionally binds to filamentous actin
(F-actin) via its BAR domain and to
the Arp2/3 complex via its carboxyl
terminus, which contains an important
tryptophan residue and an acidic motif
similar to that found in known Arp2/3
complex activators. Interestingly,
binding of the AMPA receptor GluR2
subunit to PICK1 enhances these
cytoskeletal associations. Binding
of PICK1 to the Arp2/3 complex
inhibits the basal activity of the
complex. In vitro reconstitution
studies showed that PICK binding to
Arp2/3 is furthermore able to displace
the N-WASP VCA domain and can
thereby also prevent VCA-induced
activation of the Arp2/3 complex
(Figure 1).
Given the importance of PICK1 for
neuronal plasticity, Rocca et al. [6]
then went on to study both neuronal
morphology and NMDA-dependent
GluR2 internalization. Neuronal cells
undergo massive rearrangements
of the actin cytoskeleton during
specification of axons and dendrites.
During early development, the nascent,
round neuronal cells extend several
processes, the longest of which will
finally become the axon. The remaining
processes (dendrites) form the strongly
branched postsynaptic compartment,
which receives signals from other
neurons upon formation of synaptic
contacts. Proper control of neuronal
morphology is therefore a prerequisite
for the formation of neuronal networks
and for cell–cell communication in the
brain.
In line with a role for PICK1 in actin
dynamics, reduced PICK1 expression
resulted in aberrant neuronal
morphology with increased dendrite
number and branching. Rescue
experiments indeed suggested that
regulation of the Arp2/3 complex by
PICK1 is required for correct neuronal
morphology [6]. The increase in
arborization and the corresponding
decrease in neurite length following
knockdown of the Arp2/3 inhibitor
PICK1 [6] is in agreement with the
effects of increased actin nucleation
activity, because overexpression
of N-WASP or Cobl led to similar
effects [3,9].
The observation that inhibition
of Arp2/3 complex function or
a reduction in the levels of the Arp2/3
complex, its catalytic activator
N-WASP or the N-WASP activator
Abp1 impeded proper establishment of
cell morphology in young developing
neurons [9,10] argues for the obvious
requirement for both a tight positive
and negative control of the activity
of the Arp2/3 complex in the
establishment of neuronal morphology.
In synapses of more mature neurons,
Rocca et al. [6] showed that association
of PICK1 with the Arp2/3 complex is
required for NMDA-stimulated
endocytosis of AMPA receptors. The
authors demonstrate that a PICK1
mutant that is incapable of binding to
Arp2/3 is alsounable tomediateNMDA-
induced AMPA receptor internalization,
revealing a novel link between
modulation of actin dynamics and
receptor downregulation at excitatory
synapses (Figure 2). This finding leads
to the exciting model that PICK1, as an
inhibitor of Arp2/3 complex-mediated
actin polymerization, is important in
the NMDA-induced internalization of
GluR2 neurotransmitter receptors and
might thus regulate synaptic strength
and/or plasticity.
Both the Arp2/3 complex and its
catalytic activator N-WASP transiently
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Figure 1. Model for activation of the Arp2/3 complex by N-WASP or a VCA fragment and
inhibition of the Arp2/3 complex by PICK1.
(A)N-WASP—presentedasawell-studiedexample for anArp2/3complexactivatorof theWASP
protein family — is activated by molecules that release it from intramolecular autoinhibition.
These molecules (in different shades of orange and red) include PIP2, GTP-bound Cdc42 and
SH3-domain-containing proteins. These proteins bind to different N-WASPdomains (in different
shades of green) andwork together to bring about N-WASP activation. Activated N-WASPbinds
with its G-actin-binding carboxyl terminus (VCA) to theArp2/3 complex and leads to a conforma-
tional changeof thecomplex resulting in actin nucleation. (B)Arp2/3complexactivationbyaVCA
fragment derived from WASP, N-WASP or Scar/WAVE. (C) PICK1 binds to F-actin and Arp2/3
complex, yet does not activate the Arp2/3 complex. PICK1 binding prevents activation by
the VCA domain. WH1, WASP homology 1 domain; WH2, WASP homology 2 domain; B,
basic stretch. Actin monomers in different shades of blue represent ATP-loaded actin (dark),
ADP+Pi-bound actin (medium) and ADP-bound actin (light).
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R422associate with endocytic coated pits
upon their internalization [11]. Given
that actin polymerization is proposed
to have a supporting role in endocytic
vesicle formation by providing forces
aiding in membrane invagination,
vesicle fission and propulsion [12,13]
and that functional inhibition or loss of
NWASP has consistently been reported
to have a negative impact on
receptor-mediated endocytosis
[14,15], the effects of PICK1 might
reflect a specific requirement for actin
depolymerization for the internalization
of receptors in the F-actin-rich
dendritic spines harboring the
postsynaptic compartments of
excitatory neurons. This idea is
supported by previous studies showing
that AMPA receptor internalization
was facilitated by actin filament
depolymerization and that stimulated
endocytosis was blocked by
stabilization of actin filaments [16].
Interestingly, binding of the GluR2
subunit of the AMPA receptor to the
PDZ domain of PICK1 enhances the
binding of PICK1 to the Arp2/3 complex
and F-actin [6], whereas, in the absence
of GluR2, the PDZ domain of PICK1
is engaged in an intramolecular
interaction with the BAR domain [7].
This finding leads to the exciting
possibility that NMDA-mediated Ca2+
influx stimulates the established
interaction of the AMPA receptor
with the PICK1 PDZ domain [17,18],
leading to the inhibition of the Arp2/3
complex at sites specific for AMPA
receptor endocytosis. Future studies
are expected to determine the stages
of AMPA receptor trafficking in the
postsynaptic compartment that are
affected by a PICK1-controlled
regulation of Arp2/3
complex-mediated actin dynamics.
A first study along these lines in
neurons from PICK1 knock-out mice
recently attributed increased surface
levels of GluR2 after NMDA stimulation
to accelerated recycling back to the
plasma membrane whereas
internalization was observed to
be normal [19].
It will be exciting to explore the
novel concept of Arp2/3 complex
inhibition as an important aspect of
the control of actin dynamics and to
further examine the role of actin
nucleation and its fine regulation in
time and space in AMPA receptor
recycling. This research avenue
will certainly provide further
insights into synaptic plasticity
mechanisms, which are important for
brain function and development as
well as in learning and memory
formation.
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Figure 2. Ca2+-triggered associations of GluR2 subunits of AMPA-type glutamate receptors
with PICK1 promote binding of PICK1 to F-actin and the Arp2/3 complex and thus promote
AMPA receptor recycling.
Formation of PICK1–F-actin–Arp2/3 complexes leads to inhibition of Arp2/3-complex-medi-
ated actin nucleation in postsynaptic spines. This inhibition may thereby shift the equilibrium
of actin dynamics towards a loss of filaments and thus a less dense cytoskeletal scaffold
promoting endocytic internalization and/or recycling of AMPA-receptor-containing vesicles.
The modulation of the surface availability of AMPA receptors is an established mechanism
for synaptic plasticity — a cellular function required for learning and memory processes.
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Consolidation
A new study has shown that successful
on post-training sleep; individual neuro
rejoin neural networks, and may constit
stimulus.
Robert Stickgold
The last decade has seen a dramatic
increase in our understanding of
sleep-dependent memory
consolidation, moving the concept of a
role for sleep in memory consolidation
from a generally discredited (or at best
ignored) idea to a largely accepted
tenet among both memory and sleep
researchers. While the number of
players in this field remains small,
it is growing rapidly, and researchers
are now approaching the topic
with a remarkably broad array
of tools (Table 1). These range
from strictly behavioral studies in
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cortex [2]. Claire Jackson and
colleagues have now reported in
Current Biology [3] that imprinting in
domestic chicks is dependent on
post-training sleep; their work further
shows how the contribution of
individual neurons to the memory of
the imprinting stimulus develops over
the 24 hours following imprinting.
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What makes this question so difficult is
our ignorance concerning the nature of
memory in general. At the cellular and
molecular level, no one has seen
a memory yet, or has strong evidence
for the exact form memories take or
how they are produced, let alone how
post-encoding processing leads to the
stabilization of memories or how they
are subsequently integrated into larger
networks of associated memories. So
it is something of a delight to find a
paper that looks at the time course of
changes in individual neurons as
a memory is first encoded and then
undergoes sleep-dependent
consolidation.
To analyze how neurons become
selectively responsive to a particular
sensory stimulus, and how subsequent
sleep stabilizes this selectivity,
Jackson et al. [3] studied imprinting in
domestic chicks. It is known that
neurons in the intermediate and medial
mesopallium of the chick brain store
imprinting information [4]. After a
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